A four-term Kubic expression for the upper critical field Hc2 is obtained for dirty superconductor at all temperatures. The result is discussed with a reference to the recent experimental observations of Williamson on Nb and V alloys. § 1. Introduction
There existed quantitative descrepancies in the upper critical field Hc2 of type-II superconductors between experimental observations and theory which assumes the spherical Fermi surface and which is based on the BCS weakcoupling model (GLAG theory). Werthamer and McMillan 1 l have investigated the correction due to the strong-coupling effects and concluded that they make up only a negligible portion of the descrepancy between the weak-coupling theory and experimental observations if one considers a normalized field h = -He~ j(dHc2/ dt)t=l· Meanwhile, Reed et al. 2 l have observed that Hc 2 has anisotropic nature in several type-II superconductors which have a cubic crystal structure, and that the relative anisotropy of Hc2 decreases as the reduced temperature t increases and approaches zero as t goes to unity. These natures were attributed to the Fermi surface anisotropy produced by the crystal structure and to the non-local correction to the GL-equation by Hohenberg and W erthamer. 3 l Moreover, they found that their Hc 2 curves are in better agreement with the experimental observations on Nb and V.
Farrell et al. l have made precise measurements of Hc 2 for Nb crystals and analyzed their result assuming a four-term Kubic harmonic expression ( 4-parameter fit):
In this expression Hc2 (a, {3, r; t) is the observed value of Hc2 at reduced temperature t when the field is applied with the direction cosines (a, {3, r) with respect to the crystallographic axes. HJa, {3, y) are the Kubic harmonics defined by
The corresponding theoretical expression valid near the transition temperature has been derived by Takanaka and Nagashima 5 l who showed that the ratio of the contribution of the third and fourth harmonics to Hc 2 is temperature independent in agreement with the observation of Farrell et al.
Recently, 6 l Williamson confirmed the result of Farrell et al. and further noticed that K 2 / K 3 is larger for a V-alloy than Nb whereas K 3 / K 4 is smaller. This suggests that the ratios of successive coefficients are not determined solely by the temperature or the mean free path, but also depends largely on the shape of the Fermi surface. The purpose of the present work is to derive a four-term Kubic expression for Hc 2 in the dirty limit, which is valid at all temperatures, and then to make a qualitative discussion with a reference to the Williamson's observations. § 2. Equation for the upper critical field
We start from the linearized GL-equation,
where Sro IS an Operator given by and f=iv· (J" -2A),
Here g is the BCS coupling parameter, T the temperature, N the density of states at the Fermi surface, v the velocity at the Fermi surface, A(O, Hx, 0) the vector potential for the magnetic field H and r being the mean scattering time due to impurity atoms (We take units such that Planck's constant, speed of light, Boltzmann's constant and electric charge be unity). Angular brackets denote the angular average, namely, where N(Q) is the density of state in a particular direction specified by a solid angle Q. The details for deriving Eqs. (2 ·1) and (2 · 2) can be found in the work of Hohenberg and Werthamer. We are assuming that the non-locality is small. By this we mean that the quantity
is small compared with unity. The third and the fourth terms in Eq. (2 · 2) are the non-local corrections. The purpose of this section is to obtain the lowest state eigenfunction and eigenvalue of Eq. (2 ·1). Since the third and the fourth terms in S"' are the corrections to the local approximation, we make the following expansion
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We are not assummg that the quantity 2H( v /T) where { hxp means that we take the average of the operators in the lowest eigenstate.
We take the direction of the applied magnetic field as z-axis. Then, one writes
8y '
and notices that the commutation relations,
hold. In the local limit L1 (r) is just the eigenfunction of the operator <f 2 ). This is just the Gaussian harmonic oscillator function. We will consider the non-local correction as a perturbation to the local limit. Because of the corn- where the quantities A's are defined by
The order parameter itself has a form
A 0 (r) 1s the solution in the local limit and satisfies the equation
and, therefore, has the same form as the Abrikosov's solution.
)
The coefficients a 2 and a 4 are shown to vanish for the spherical Fermi surface even if the nonlocality of the kernel in Eq. (2 ·1) has been taken into account.
For the upper critical field in the local approximation, we have the equation,
Since the non-local correction is assumed to be small, we expand the right-hand side of Eq. (2 · 6) up to the first order term in (H-H 0 ) and use Eq. (2 · 7) to obtain 5 Hc2= Ho+ :E FiXi, The contribution to K 8 (T, r) comes out of the (f 6 ) term in the kernel of Eq. (2 ·1), while the contribution to K 4 (T, r) comes from the correction to the order parameter. We see, therefore, that Ks(T, r) and ]( 4 (T, r) are quantities of the same order from the point of view of non-locality.
According to Hohenberg and W erthamer, 3 ) we have a relation
where e is the magnitude of the electron charge and c is the speed of light. 
and suggests that the large difference in these values is an evidence that the two metals have substantially different band structures near the Fermi surface. This is an interesting observation in view of another important observation that the ratio K 2 / K 8 is larger for V than Nb whereas K 3 / K 4 is smaller. This implies that the ratios of successive coefficients are not determined solely by the collision time and temperature. Looking at Eqs. is determined, the quantities Fi may be evaluated numerically. One can, then, obtain information about the band structure parameters if one knows Ki (T, r). from experiment for many more values ofT and r than in Williamson's experiment.
Williamson reports that a systematic deviation from the four-term Kubic expression is seen at lower temperatures and that only slight improvement resulted from five-term fit. In view of our result, we can anticipate that five-term expression is not enough, but one should take six or seven terms to obtain a good fit.
Koro Koro as seen readily from Eq. (2 · 3). We want to obtain a such that 
